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PREFACE
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The objectives were to evaluate current Navy practices of electroplating
pollution control, evaluate the applicability of available technologies and
estimate the future role of research and development in providing timely
compliance solutions. The effort was performed between February 1983 and
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formation and data from additional facilities were acquired through a mailed

survey. 1lst Lt James Aldrich was the Air Force Project Officer and Nicholas
J. Olah was the Navy Project Officer.
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SECTION I

PROBLEM DEFINITION

A. INTRODUCTION

As a part of its shore support establishment, the U.S. Navy
operates metal-finishing shops at more than 70 activities
(including GOCOs). These shops contain a variety of metal-
finishing operations including: cleaning, degreasing, paint
stripping and electroplating. Of the metal-finishing processes,
electroplating contributes the highest pollutant loading. The
total wastewater effluent from these metal-finishing shops is
over 3.6 million gallons per day. These waste discharges are
regulated by the U.S. Environmental Protection Agency (EPA)
which requires that local control standards be met by June 1984,
The disposal of hazardous wastes generated by metal-finishing
operations, which include wastewater treatment sludges and spent
process solution, is also regulated by EPA. The disposal of
these wastes is costly and the lack of permitted disposal sites
places a burden on the metal-finishing activities.

The EPA effluent limitations are based on the application
of in-plant changes to reduce pollutant generation and water use
and the installation of physical/chemical treatment systems.
Some efforts have been made in these two areas at Navy metal-
finishing activities. For instance, most major activities
affected by the regulations now have or are planning for
physical/chemical treatment. However, to meet the EPA standards
by 1984, some additional effort is required in terms of increas-
ing the efficiency of treatment processes, applying additional
in-plant changes and adjusting waste handling practices. Also,
since the operation of new treatment facilities will dramati-
cally increase the volume of waste treatment sludges requiring
disposal, a concentrated effort must be applied to minimize
disposal problems. A summary of identifiable problems follows.

B. EXCESSIVE WATER USE

Excessive water use exists at most Naval metal-finishing
activities. High water use increases the operating cost of the
plating process, increases the volume of wastewater requiring
treatment and often causes poor pollutant removal rates.

C. SPENT-PROCESS SOLUTIONS

Most spent-process solutions generated by Naval metal
finishing activities are being drummed and contractor-hauled to

................
.................................
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private treatment/disposal firms. An excessive amount of
handling is involved in drumming and shipping the wastes and
this presents safety problems. The cost of treatment/disposal
is high as are the administrative costs for shipping hazardous
wastes, A need exists to reduce the generation rate of spent
solutions and/or develop technologies or procedures for onsite
treatment of wastes.

D. TOTAL TOXIC ORGANICS (TTO)

Metal-finishing wastes are regulated for the total toxic
organics (TTO) parameter which is the sum of all EPA priority
pollutant organics (113 chemical compounds). The metal-finish-
ing processes that generate TTO are primarily paint stripping
and degreasing. When combined in the sewer or at the IWTP,
these wastes will contaminate other wastewaters. The combined
wastewater will then be subject to the regulation. Currently,
no data exist to evaluate compliance.

E. LOCAL REGULATION

Most Naval metal-finishing operations will be required to
meet the EPA effluent standards. However, some activities may
be forced to comply with more stringent standards imposed by
local or state authorities. Such standards may not be achiev-
able with the conventional chemical treatment method.

F. SLUDGES

The generation of waste treatment sludges will increase in
the near future as more wastewater treatment systems come
on-line. In many areas, disposal sites for these hazardous
wastes are unavailable and the wastes must be transported long
distances. The disposal of these sludges has been cited by both
the Army and Air Force as a major problem for metal-finishing
activities. A need exists for processes that reduce the volume
of hazardous sludge and/or render it nonhazardous.

G. TECHNOLOGY APPLICATIONS

Many technologies and methodologies are commercially
available for recovery/treatment of wastewaters and for reducing
waste generation. No single source of information is available
which provides operational details and cost data on commercial
technologies. As a result, many technologies are repeatedly
tried by military activities without success. As an example,
conductivity probes have been installed in many military shops
to reduce rinse water use. Both the Air Force and Army have
reported a lack of success with the probes. Many Navy activi-
ties have also purchased the probes and found them ineffective,
yet new Navy metal-finishing facilities are presently installing
the same units. Therefore, a need exists for a technology
manual that provides operational and cost details of commer-
cially available equipment.
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L% H. BACKGROUND
*e
2 1. Water Pollution Regulations

Wastewater discharges from metal-finishing operations
A are regulated under the Clean Water Act of 1977 (Public Law
‘i% 95-217). The specific limits vary according to whether an
03) industrial operation discharges directly to a waterway or
indirectly through a sewage treatment facility. With only minor
exceptions, Navy metal-finishing facilities are indirect dis-
charges. * Wastewater treatment before indirect discharge is
called pretreatment. The associated regulations are referred to

« as pretreatment standards.

EPA has divided the metal-finishing industry into two
ma jor sectors: integrated and nonintegrated. Integrated
o, facilities are plants that, before treatment, combine electro-
] plating waste streams with significant process waste streams
from other metal-finishing operations; nonintegrated facilities

N are those treating significant wastewater discharges only from

N operations addressed by the electroplating category.

i‘ The Navy operates in both modes, Some treatment
3 systems only serve the plating shop and possibly some small

SEN wastestreams (e.g., NAS Alameda) and would be classified as

-3 nonintegrated. However, most bases have an IWIP which treats

D3N all metal finishing and other industrial type wastes. Such

facilities would be classified as integrated.

o EPA has further divided the metal industry into two
. groups: captive and job shops. Captive shops are metal-finish~-
1N ing facilities that own 50 percent or more of the materials they
f(J prccess. Job shops are defined as facilities that own less than
”‘ 50 percent of the materials they process. This division was
-8 developed to protect the small, independent firms from economic
gLy burdens resulting from the regulations. 1In general, the regula-
éﬂ“ tions for job shops are less stringent. The Navy plating
operations are obviously captive facilities.

By April 27, 1984, nonintegrated facilities are

. required to meet the pretreatment standards given in Table 1,
except for the total toxic organics (TTO) parameter which must

be met by July 15, 1986. Note that a less stringent set of

- standards has been adopted by EPA for nonintegrated facilities
that discharge less than 10,000 gpd. Integrated facilities are

required to meet these standards by June 30, 1984, and also a

more stringent set of standards (Table 2). The compliance date

A Pt
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*The .o 'i. nmental Protection Manual" OPNAVINST 6240.3E (July
1977) -.equires the disposal of wastewater to municipal sewer
systems when economically feasible.
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-, TABLE 1, EXISTING PRETREATMENT STANDARDS FOR
NONINTEGRATED FACILITIES (ELECTROPLATING)
;ﬁ Plants Discharging Plants Diécharging
R >10,000 gal/d <10,000 gal/d
Daily 4-Day Daily 4-Day
~) Pollutants Maximum Average Maximum Average
13 (mg/L) (mg/L) (mg/L) (mg/L)
3 Cadmium 1.2 0.7 1.2 0.7
A3
Chromium, total 7.0 4.0 NR NR
»
,3 Copper 4.5 2.7 NR NR
e
2 Nickel 4.1 2.6 NR NR
g
Lead 0.6 0.4 0.6 0.4
*
o Silver 1.2 0.7 NR NR
\l
308 Zinc 4.2 2.6 NR NR
) Total regulated
) metals (Cr, Cu,
J Ni, 2Zn) 10.5 6.8 NR NR
q.‘n
o Cyanide 1.92 1.02 5.0P 2.7P
o
' Total Toxic Organics 2.13 2.13 4.57 4.57
4
‘
\L arotal cyanide.
¥ b
~ Cyanide amenable to chlorination.
L]
‘éj Crotal Toxic Organics is measured as sum of 113 specific compounds.
2
d
2 NOTE: NR = not regulated.
&
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TABLE 2. PRETREATMENT STANDARDS, BEST PRACTICAL TECHNOLOGY,
AND BEST AVAILABLE TECHNOLOGY FOR INTEGRATED

FACILITIES
Pretreatment and
Effluent Guidelines
(mg/L)
30-Day
Pollutants Daily Maximum Average
Cadmium 0.69 0.26
(0.11)2 (0.07)
Chromium, total 2.77 1,71
Copper 3.38 2,07
Nickel 3.98 2.38
Lead - 0.69 0.43
Silver : 0.43 0.24
Zinc 2,61 1.48
Cyanide, total 1.20 0.65
Total toxic organics 2,13 2,13
0il and greaseb 52.0 26,0
Total suspended solidsb 60.0 31,0

aCadmium limit for new sources.

bApplies only to effluent guidelines for direct dischargers.
pH limit for direct dischargers is 6.0-9.0,

NOTE: The compliance date for indirect dischargers (to POTW)
is February 15, 1986; for direct dischargers the date is
July 1, 1984,

el A e e ]
AFRPEIR I IS PRV,



for these stricter standards is July 1, 1984 for direct dis-
chargers and February 15, 1986 for indirect dischargers (Refer-
ence 1l). For indirect discharges, an interim date of June 30,
1984 is set for the TTO parameter. The compliance dates for the
metal finishing categories are summarized in Table 3.

TABLE 3., COMPLIANCE DATES FOR METAL FINISHING FACILITIES

Electroplating Standards (Table 1):

Category Item Date
Nonintegrated Metals and CN 4/27/84
Integrated -Metals and CN 6/30/84
All TTO 7/15/86

Metal-Finishing Standards (Table 2):

Category Item Date

Indirect dischargers TTO (<4.57 mg/l) 6/30/84
Metals and Cyanide 2/15/86

Direct dischargers All 7/1/84

The discharge of effluents to the navigable waters is
regulated by NPDES permit issued to the industrial plant. NPDES
permits are issued case-by-case by the authorized State agency
or EPA, and the concentration limits and/or mass-based standards
specified in the permit are based on the Federal standards, flow
rate and quality of receiving waters.

Pretreatment standards are enforced on a local level,
Municipalities must develop a pretreatment program that includes
standards at least as stringent as the Federal standards. The
programs are approved by the States, if the States have been
authorized by EPA, otherwise they are approved by the EPA
Regional Office.

2, Hazardous Waste Regulations

Regulations governing hazardous wastes are a result of
the Resource Conservation and Recovery Act (RCRA) of 1976
(Public Law 94-580), RCRA hazardous waste regulations are
designed to manage and control the country's hazardous wastes,
from generation to final disposal.

The RCRA regulations differ from those concerned with
water pollution in that water regulations are set to the
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specific industry (for example, metal finishing), whereas any
industries that generate, store, haul, or dispose of hazardous
wastes must comply with RCRA.

Under RCRA, the EPA has set strict definitions for
hazardous waste. Some, such as electroplating wastewater
treatment sludge, are specifically defined as hazardous. For
others not specifically listed, EPA has established a set of
test criteria to determine if the waste is hazardous. A hazard-
ous waste, by either definition or test, must be stored,
transported, and disposed of in accordance with RCRA hazardous
waste regulations. The exception is if defined hazardous wastes
checked by the test criteria do not possess hazardous character-
istics, the generator can petition EPA (or an authorized state)
to delist the waste. If delisting is successful, the generator
can then dispose of the waste in a less costly manner. Some
electroplating operations, including three Army installations,
have delisted their wastewater treatment sludges (Reference 2)
and one Naval activity (Pensacola NARF) has petitioned EPA but
has not received the delisted status.

3. The Navy Plating Operation
Electroplating is one of many operations referred

to as metal finishing. Metal finishing is used to improve
the surface of a material by various methods, including:

® Cleaning (including pickling)

e Depositing another metal on it by chemical
exchange (immersion plating)

e Electroplating another metal or series of
metals (electroplating)

® Converting its surface by chemical deposition
(phosphating)

e Coating it with organic materials (conversion
coating)

e Oxidizing by electrolysis (including anodizing)

The corresponding changes produced by these methods of
metal finishing on the waste material serve to enhance the value
of the treated item by providing improvements, such as:

e Corrosion resistance
e Durability
e Esthetic appearance

® Electrical conductivity
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Metal-finishing processes are used at more than 70
Navy activities. The largest electroplating operations (ex-
cluding GOCOs) are found at Naval Air Rework Facilities (NARF),
Naval Shipyards (NSY), Naval Air Stations (NAS), the Naval
Ordnance Station (Louisville, KY), and the Naval Avionics Center
(Indianapolis, 1IN). Most of these facilities operate a wide
variety of metal-finishing operations to repair worn or damaged
parts or finish new parts and are capable of plating most common
metals. Most other Naval plating operations are an order of
magnitude or less in size. Although some smaller facilities can
perform a variety of metal-finishing operations, most perform
one or two specific tasks such as the production of printed
circuit boards.

Plating processes are relatively uniform with each
consisting of several steps during which the parts are immersed
in tanks containing process solutions. After each process step
the parts are rinsed in tanks containing water to remove the
clinging film of plating chemicals, which is known as drag-out.
A typical plating room layout, showing process tanks and associ-
ated rinse tanks, is presented in Figure 1.

a. Hard Chromium Plating

For NARFs and NSYs the major plating process is
usually hard chromium plating. Hard chromium plating is the
name adopted by industry for what might be better termed
chromium plating for engineering rather than decorative pur-
poses. Hard chrome is applied to shafts, gears, hydraulic
hardware and other chromium parts that have been worn from
service. The chromium plate is applied to increase the dimen-
sions of the article. This plating process, which is commonly
referred to as building-up, usually takes 1 or 2 days, but can
require up to a week depending on the thickness of chromium
desired. After plating, the parts are machined to the exact
desired dimensions and polished.

b. Corrosion Protection Finishes

As a group, the various corrosion protective
finishes, namely nickel, cadmium and zinc, are the second most
widely used processes at major Navy plating activities.
A corrosion protection plate, which is very thin compared with a
hard chrome plate, takes only minutes to apply. Nickel is used
on new parts for corrosion and wear resistance as well as for
salvaging worn or mismachined parts. In the latter case, nickel
is applied like hard chromium through the building-up process.
Cadmium and zinc are used when the principal aim is protection
of the substrate, usually iron or steel. Cadmium is far more
expensive than zinc and, therefore, in most industrial applica-
tions zinc is preferred. However, cadmium has several distinct
advantages over zinc that are important to Navy applications:
(1) it is superior to zinc in resistance to salt atmospheres,
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(2) its corrosion products are not bulky, hence do not interfere
with functional moving parts as do those of zinc, and (3) it is
relatively easily soldered compared with zinc.

Many Naval plating operations, including some of
the smaller shops, employ the chromic acid anodizing process.
This process, which is termed conversion coating rather than
plating, is used to develop a protective film on aluminum,

c. Printed Circuit Board Production

An operation found at many Navy activities is the
production of printed circuit boards. The boards, which are
used in various electronics applications, usually require both
electroless plating and electroplating. 1In electroless plating,
the metal is deposited from a solution by means of a chemical
reducing agent rather than by an electric current. The primary
metals deposited on printed circuit boards include: copper,
lead, silver and gold.

d. Other Processes

Many other plating and metal-finishing processes
are used at Naval activities. Approximately 30 processes were
identified in a recent NCEL survey (Table 4). In addition to
those previously mentioned, the other processes most often found
are: conversion coating: phosphating (a preparation step for
painting) and chromating (similar to anodizing but applied to
electrodeposited cadmium or zinc); etching (a conditioning step
for parts prior to plating); and bright dip (a nonelectrolytic
solution used to produce a bright surface).

One plating process which varies considerably from
the usual plating methods is brush plating. This process, which
was identified at seven Navy activities during the NCEL survey,
generally does not produce a wastewater effluent. Brush plating
is performed using a small pad which is saturated with plating
solution. The pad is attached to an anode rod and the part
being plated acts as a cathode. Most metals can be plated using
the brush process which is generally used for repair work when
small areas are being plated. It is not practical for large-
scale plating operations. A major application of this process

for military work is the repair of damaged printed circuit
boards.

4, Wastewater Generation

Contaminants in the effluent from electroplating shops
originate in several ways. The most obvious source of pollution
is the drag-out of various processing baths into subsequent
rinses. The amount of pollutants contributed by drag-out is a
function of such factors as the design of the racks or barrels
carrying the parts to be plated, the shape of the parts, plating
procedures, and several interrelated parameters of the process
solution, including concentration of toxic chemicals, tempera-
ture, viscosity, and surface tension.




78

b <

‘UOTIED0T 104YI 1T S98002d JsyI0 Aue ueyy ezow pesn s} Bujar(d wATWOIYd IPYI SMIEPIDUY ([)a1) ‘O e

tseese503d pesn ATUSIY 3ISOS 9IEDIPU S8POD 8883024 Bujae(d BuUTAOTTO} SiseyIuRIed U S38QEny  :J1ON
-n 1pouy PLoD
1exO N sse[011001Jang Oujiery ssvigelg PO WOU(E=04 S80[011081JaN3 $88{0112813:93
Bujaujed
Buyie(g SNIEOUN=YY -0330813a83 BuUIVIYPIWO2ID01 w3 Butyst1odetd TR SR "8 ]
outg aaddo)
J8ATlS 8801023081 TeSa 9801033001 3023 dia iybiag.-ga ButI010)et) 901011781303
Butaerg UOISINE]Nd] Buyavudeougsuyd ButIee02ydeyd Butyd1ze3z Butzypouysuy

Sujaetd YOITe8y

BurIntd PrOD=nY

6ujaeTqd el 1SeBy

bugierg utiaug

ButaIeTg 38p(OS.Qd

‘o LY

Buyierg @nTepelepd Oujierg dutgsuz Bujierg anteoayde1) Butield [ew In=tN  Butle(yq Jaddorsn)
[ E R TIEE]
HLIw (2 ‘(?2)0 3100 ‘sau e
° nt < r [4 S (DN (1)) z ft 5fuTa [P0E ‘SITPUS ‘saFen Juevlm Argg faew,
41 "33 ‘w By ‘ad
ug ‘2 ‘(S)PD ‘(M) N ol vysoe
*OF s/ /N /N (eI 2D AT 91 oy a/3noat awm Aoyesonm uasss (e
A9 7ag 110’93
try ‘fy ‘us ‘(p)uz sfurl pue e V) fOM IS IL ne
» N /N M OIMD Y2 (I < [} ‘S3IPUS ‘w1333 INCH Neetw Avge feary
RG]
Qf ‘Us ‘oR ‘T4 ‘R Ky g futaeyq
‘A ‘Al ‘W '\ ‘W LURTI TP SR S] TPTST
o [ [, .34 SN /N /N HENR UUTIIN LUHITO < " </m A2 LUK 1AV TTACY
T T
o ' TEOTURPDI-NIINS [Ue
5 L BRI R IR IPOTIIDNS *STUNIINDTA IO]
‘fy ‘al ‘us ‘tN Y(B)0D SOLED [UP SIETLD ‘sjsuw! Nl ‘R rTetrur ol
R b 4] »1 ” Hedw ‘(210 (1w L9 <k ‘SDINOO ITAILD [WUT R JAWD) LIUOTAY [rany
o ‘]3 ‘23 '0R ‘w3 {INPWIAD [Ue mru)
‘) ‘1 ‘el ‘fy ‘w wp $22w! BOUUPIC ‘KAANATS
SIN N0 QWD ‘v RUMISTO ‘UROTQ BAFA U TS L)
o WSAT b 4] "ne wR {EIPD ‘(P U I " t4] s1peaply *RIIPUE ‘eI [TU USSR VT BPAN TN
saed [ERE LY TR TTE N IE O ¥
ar ‘1D ‘up 1030 0L §RIEITAW) AUy IRGT I YT
oncy N s/N N (IO (7D (Nw 14 m ‘SITOUS ‘A2Ie IPIDITY LUTIDA VOTPDITLRD ter 1P ey
or ¢ r K
m'Mm oY Yiq )
-] [ [ 0 n HPYIG/UR (TN » 44 IR0 ITFOITD (DAY e U gares. TR At g ¥
N S $OA00Id TUTIFIA [T 3] DAITIA SOOI/ /81177 TR
£314 130N ann) U™ SR
3O Jecmrw  JO Incrw
SIILIAILOV ONILVId IVAVN 1LV 3SN d3LVM LNVLINSIY ANV SISSIO0Hd °*¥ 319Vl
- .
|
» » [ ]
", BTN v v v AN N B B ot 2 R ot o Y Y o o - e aTate - e ~
. ANks 1R RRARS i e R e A MR AR IR e T




sﬁd

D IR
S I DA

-

X

"-
"
,-
- 3
Y
r
.
-\-
.
.
_
:
3
-
L
r. (W ‘(f£)fw ST PUP W] 4 ey,
" o n ] ] n “A7IW (Do £ L ‘Siepona ‘18018 uogrey %
.,
J (Iev 1611 W S
; o nLe £L n [ ‘e ‘(MW n 1L saaed ety ana
w
. * {saed o3 1T WeI) Y POy
. o 0 0 n futaerd usrun o 0 sutd ‘gaaputih> ‘satmuc VOTIEIC SWe'ew Trrre
a
" . 1) W e
0 n o [ futierd ysnaw e [Ua % SYRLT T NN

RN ST
ATUE I S

12

(ot neInfu) =30 ALY,

or (1] 3 ) futieid ysnag [ [ SUAUOKMDS 1301SITe IR ACTNUA U] 138 2SS TY
1 TSAWT] b ex

Ao g Tutute sy

n ] [ [ futaetd usrun [} [ sageus ‘sfuts yees LOTSTIVY A 183X ioTue t
a n [ o futerd usna ) n WOIeOG ITRSITD PeUTIY NI B owa
AL RLAE I L B

n [] n n futietd ysnau [ n wae Jre1naty LIRS JToes et

0as furtrd

g L7 /N <o Frun futues) [ 1} tatt) Juan SEMITA Yy
e 'l T30 Mead ‘Lo e v
Ny o ] n AR IR EA T IR R R L] 1" (21 SPIUOG JINCED (DT LYY P RTINS
P21 sTia AU unieItly  sJ01e] N0 1e0), wv ES) [} sosssonid Tulvlg 0% SWRL DBIed SIONMIA,533% 3 et N e
AMrarnun  Alasody ary LAl ~JE W) Msuny $5000M

e et ettt
SAINSTIN UOTIPAISOSUD)) 192I0M _ﬂ—a_ ”an mﬂ IO a0 IMN

(JINNLLNCO)
SFIILIAIIOV ONILVId AIVAVN 1V 3SN ¥YALVM LNVLIINS3Y ANV S3ISSAO0Nd ¥ 318Vl

NRAN - SANDINWN I A £ RRNKRAR:  Trt-hs :

‘d
q
N
»
N
N
*
X
A\l
L.
-
)
L]
3\
t
o)
-]
N
<4



SAOT1 [PIIISTEUL T1C sAETouT,

“5%0 ‘shutivaq IJ0US

‘s3and 303w ‘sapind ver'er
aa ‘1) SABM JUDRI ‘sawg ‘SSNQ AP Pme! vusy
L] . fof e 0 f ‘I UV ‘(10 ] 9 ‘savel WIIAS  ‘sfull (ess A1y ewrwiwi
W W v ‘axvesy
T t [ [ HEIPD RN (TR T ’ s13ed 37ead27y o
(BRG]
‘ld "v@ ‘33 ‘uy ‘a3
‘v ‘ad ‘us ‘vz (MW 4 A3y wmueg
L L] L4 o0t [} st IO (2100 ‘(YIm < <2 SuRd % Ie ‘SIMeTAy I8N dous futievs wow
[CIR ™
‘Qd ‘wy 'y ‘ue ;| AT ¢ J] pay
(9)P0 *(S)N *(9)ad “uantinte ‘52w v rolagpes
[} [ »e S/N N /N (€)% “(7)00 *(t)m <t 9 autisuane ‘sasof dius ASN FURIST Alew
oR ‘1)
Qﬁ& -E ~2 .i -8
) U7 ‘)1 (nw LARELEIRW U]
onz9 nots oy MIRY (HW “(Dm (1w ot [ 4 s1ae? JRAOI10 DR atteRTy 32U fuceieow Aarw
L B I <] w ey
‘33 (S)P0 *(9)1d {POTASUR 30/U0 DOYORII) 2mm sInten
«NNGT /N /N SN HPwy (7 (DO £1 97 BAIOIUBA QDD (AW SOURUDIN cardarmy Aoy
on ‘STIOvin
SIS 20N A3j3uy N
(] (] (] (] furaerd usrag [\] [ ITAIV0S ‘sAIPuS ‘sfuriesn A 2qfey ¢ ram
MR 13 ‘(f)N A LS r e
e e L) oG onne L} ] tFw ‘(7)a ‘(1) n [ 14 WPICY IO (SWIY e,

amnn ot

Kancom aty 014 =29UNC)

BAINERE UDT IPAIGBUD]) 1FITM

(QaNNLINCO)
SAILIAILOV ONILVId IVAVN IV 3SN ¥ILVM INVIINS3Y ANV SASSII0Ud ‘Y 314Vl

g0 MBS TR Sk




LR S A

.

AL

ES %

I S

TS TATITR R AR I ONNE T RV

IDNE N oS i

T

L d 4 13

-

EETT DT R (T PN

SMOTE 1P1ISMUL [ IF Sq0llur,

mlas ure
° " ‘0 (LN R IRP U
s gN LY I Y] *fy ‘e ‘PO ‘D /N /N s2aw’ Peasary broN
mﬂﬂ- ues
a0y [, oS K7 an TO W (T L or S dugg oty 32 WA IsAS UBRT YEATS,
° © ‘N w3 fuwas Fuen
° o O WAl WES M9 W ‘an ‘@ ‘PO (TID L1 € s Ay "u [T

NI OR
° g un .i .2 ‘o v) ‘e
7 /M s /N RN 7NN (11D {2 1} s1aed Jjerare oA
° W Uz ‘g W ‘e sased -oste e frunces 2l ne
° « g M SN A Y o e ') 4 n T FeN

—
hu‘lﬂh_u ° ‘m 'rO ‘vz ‘W ‘aR PR o T Y TE
° MOOF LYC B ¥ E% ] (£F12D *()m ‘(1)) 11 [£4] sed geadary Dy

us ‘e 'O 'w
b v e ey Iy a4 1 aes e
i nof L7 B 54 L1 {E100 *(2)ay ‘(N F (73 saed 3warary “a
an ‘us ‘M TA i Lace
o 01 »e  wf nf ‘fy ‘7O ‘1N (1)) sf n saawd 3peaosty nne

o A (F)V/IN

° nof L3 <1 (P)G/us (1o L] 1] WIROG INROIND PRRITM
- T TTaas
FIm (4rey Ctpg) 1 maes
i d SN L7 ] /N Urm (1w L Rl UUroe | jres; WM G e’ e vy
dxn s11a0 ASUIN uiIeITY &30 0] <
Anaranpuen  Azanoon are ora .uu?_..:w o0y N D (3] saysea0ng Tantavid MHH“. ua...l.— POIRTd $25MN014/513P4 ERAD
SAINEEEM UOTIPALISUO) Ja30M 1 (1 o0 J9IVeN 30 NN 30 Je0wrN

(@3N DONO)

SAILIAILOV ONILVId TIVAVN IV 3SN dILVM LNVIINS3IY QNV SISSID0Nd

Do A N N 4

[P PR RN o g
L - 1 ".%-’

‘v 318VL

14

. N AN

‘e .
DAL

.
[y

-

v" PR PR T

P

f



With conventional rinsing techniques, drag-out losses
from process solutions result in large volumes of rinse water
contaminated with relatively dilute concentrations of cyanide
and metals. In private industry, rinse waters that follow
plating solutions typically contain 10 mg/l1 to 1000 mg/l1 of the
metal being plated. The higher concentraticns are observed with
countercurrent rinsing which reduces water use and results in a
more concentrated wastewater.

Most industrial plating shops operate several plating
lines that contain different types of cleaning and electro-
plating baths, such as zinc, copper, nickel, cadmium, and
chromium. The combined rinse waters dilute the concentrations
of individual metals, usually within the range of 1 mg/1 to 100
mg/l (see Table 5).

The rinse water from Navy plating appears to be much
more dilute, owing to higher water use rates and the lack of
countercurrent rinsing. For instance, a survey conducted at the
Naval Avionics Center, Indianapolis, IN, showed that metal
concentrations averaged less than 1 mg/l1 for all of the common
plating metals. (Reference 3) A contractor's survey of plating
wastes from Long Beach NSY indicated that all parameters were
less than 2 mg/1 (Reference 4)., Monitoring data from the Naval
Surface Weapons Center, White Oak, Maryland, shows that concen-
trations for all metals except lead (0.47 mg/l) were below 0.2
mg/l (see Table 5).

Discarded process solutions are another source of
wastewater in the plating shop. They are either discharged into
the sewer or drummed and hauled to treatment. These solutions
are primarily spent alkaline and acid cleaners, used for surface
preparation of parts before electroplating and stripping solu-
tions used to remove metal deposits from rejected or damaged
parts. These solutions are not formulated with metals; however,
a few cleaners and many strippers contain cyanide. The amount
of pollutants contained in discarded cleaning and stripping
solutions varies considerably among plating shops. However, it
is not uncommon to find cyanide and heavy metals in concentra-
tions of several thousand milligrams per liter in cleaner solu-
tions. This contamination is caused by drag-in from previous
process cycles and attack of the base metals by the chemicals in
the cleaning solutions. The concentration of metals and cyanide
in stripping solution usually exceeds 50,000 mg/l.

Plating baths and other process solutions containing
high metal concentrations, such as chromates, are rarely dis-
carded in private industry; however, many Navy plating shops
discard such solutions on a regular basis. Most Navy facilities
put concentrated wastes in drums and have them contractor-hauled
to a permitted treatment/disposal site.

The percentage that each pollution source contributes
to the pollutant concentration of the final effluent can vary
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substantially among electroplating shops. When spent cleaners
are the only disposed process solutions, approximately equal
amounts of metal are contributed by rinse waters and batch
dumps. However, when process solutions such as chromium plating
baths are disposed, an overwhelming percentage of metal is
contributed by the spent solutions, For example, NCEL measure-
ments indicate that approximately 116 pounds of chromium are
lost to the sewer annually through drag-out of hard chromium
solutions at NAS Pensacola. At that facility, the chromium
baths are dumped occasionally (contractor-hauled), usually once
or twice per year. Assuming an average of 1.5 dumps per year
per hard chromium tank, the amount of chromium lost at Pensacola
is over 20,000 1lbs.*--172 times more chromium than the drag-
out. Although the dumped solution is not treated at the NAS,
the costs of treatment and resultant sludge disposal are re-
flected in the contractor's hauling price.

The dumping of process solutions is a major difference
in waste generation between Navy and private industry plating
shops. Many Navy shops dump process solutions (especially
chromium) once or twice per year compared to some private
industry platers who can operate 10 or 20 years without a dump.
The Navy dumps are often performed on a preset schedule for
plating quality assurance. Private industry platers place more
emphasis on pure economics; the baths are maintained through
preventive measures and cost-effective regenerative procedures.

5. Sludge Generation

In addition to rinse waters and spent process solu-
tions, a major source of waste from plating activities is
wastewater treatment sludges produced by chemical precipitation
of metals in rinse waters at activities with IWIPs. Each
activity that generates sludges has them contractor-hauled to a
hazardous waste disposal site. The handling, transportation and
disposal of these wastes is regulated under RCRA and the sludges
must be disposed in permitted landfills. 1In many parts of the
countrys such landfills are nonexistent and the sludges must be
hauled long distances. The disposal cost is, therefore, rela-
tively expensive. The NARF at Pensacola pays $113.50 per ton of
sludge. In 1981, this amounted to an expense of $336,761. On
the basis of wastewater volume, this cost is approximately
$5.30 per 1,000 gallons treated. Other activities report
similar or higher costs. The Puget Sound NSY reports the
highest unit cost for disposal at $320 per ton.

*5,947 gal/yr X 300 g/1 X 3.785 1/gal X 1/454 1lb/g X 1.5
dumps/yr = 22,311 1b Cr/yr
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- 6. Wastewater Treatment

AR While many major plating activities have wastewater
o treatment processes (see Table 6), several exceptions exist,
e including the Long Beach NSY; Naval Ordnance Station, Louis-
! . ville, KY; and the Naval Avionics Center, Indianapolis, IN.
N Plans for waste treatment are currently underway at each of
?t{ these locations.

(GO0

t:} ’ The treatment processes used at the major discharge
e activities are basically the conventional physical/chemical
p treatment processes consisting of cyanide oxidation, chromium
L. reduction, metals precipitation and sludge dewatering. In
Ny general, recovery technologies have not been applied to Navy
ﬁf% waste streams except for prototype demonstrations and appli-
B cations of precious metal recovery.

! An in-depth discussion of waste treatment technologies
Rﬁ} is presented in the Navy Electroplating Pollution Control Tech-
t*‘ nology Assessment (TA) Manual (Reference 5). That report pre-

sents design and cost information on established or conventional
technologies for end-of-pipe treatment, and substitute treatment
technologies and recovery equipment that may offer a cost
savings. A technology summary is presented in Section II,
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SECTION 1II

ASSESSMENT OF THE STATE OF TECHNOLOGY

A, GENERAL

This section defines current Navy practice and commercially
available electroplating pollution control technology. It also
differentiates between current Navy practice and the typical
practices of private industry. The information presented on
commercially available technologies is condensed from the TA
(Reference 5). The Navy data are based on an NCEL survey. For
each case the discussion is divided into five major problem
areas often associated with electroplating operations:

® Water conservation

e End-of-pipe treatment

® Material recovery

® Spent-process solutions

® Sludge handling

To help evaluate available technologies (both commercial

and high-R&D technologies) a decision model has been developed
that scores the relative appropriateness of each technology by
using a common set of criteria. The model, termed application
assessment, is described in this section as are the results of
the modeling exercise.
B. CURRENT NAVY PRACTICE

An NCEL survey of Navy electroplating activities has
provided the major portion of the available data on current Navy
practice. This information has been supplemented with a data
base provided by NAVFAC.

1, Water Conservation

As indicated by the NCEL data (Tables 4 and 6), flow

-~ rates at Navy plating operations vary from less than 500 to
I 360,000 gpd. The differences in the discharge rates are the
3 result of several factors. First, the NARFs and other major

-’n

dischargers are processing a large volume of parts, many of
which are large. Many of the smaller discharges are processing
small parts such as printed circuit boards and have a much lower

-

A, Ay e s
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production volume. As a result of these differences, the sizes
of rinse tanks and the flow rates vary. A typical rinse tank at
a NARF is 1,000 gal and has a flow rate of 2 to 8 gpm, while
rinse tanks for processing printed circuit boards are often less
than 25 gal with flow rates less than 0.5 gpm.

Another factor which affects rinse water use is the
configuration and use of rinse tanks. Most Navy plating opera-
tions use the single overflow rinse which is inefficient in
terms of water use. The use of multiple-rinse tanks, as de-
scribed in the TA, can reduce rinse water use by 90 percent or
more., However, the use of multiple-rinse tanks is not always
possible because multiple rinses require additional space,
and result in additional production time since the plater must
rinse at more than one tank.

Some water conservation devices such as flow regula-
tors, air agitation, recovery rinses and conductivity cells are
in use, The recovery rinses are only used at two activities.
Conductivity probes are used at mostly larger-discharge activi-
ties. The use of the probes was discussed with plating person-
nel at several NARFs and NSYs; all reported that the conduc-
tivity probes are ineffective in reducing water use. The
primary problem with the units is high maintenance. It was also
reported that the control devices can be overridden by plating
personnel,eliminating any potential benefits.

2. End-of-Pipe Treatment

Treatment systems are currently installed and operated
at most major Naval plating activities (see Table 6). These
systems are basically conventional treatment processes. Most
treatment facilities located at NARFs, NSYs and other large
plating activities are industrial waste treatment plants (IWTPs)
which treat the combined industrial flows from electroplating
and other operations such as machining, painting, paint strip-
ping and dry docks. Some Naval plating shops have their own
treatment facilities (e.g., Alameda NAS and Charleston NSY),

Wastewater from the plating shops is generally segre-
gated into three waste streams: chromium, cyanide, and acid/
alkali. However, some shops discharge a combined waste stream
to treatment. Several other design factors vary among the Naval
plating activities. Figure 2 diagrams the various types of
systems,

One of the largest IWTPs, located at Norfolk, uses
conventional treatment, followed by advanced treatment. The
conventional process consists of cyanide oxidation, chromium
reduction, metals precipitation and solids dewatering. The
advanced portion of the system includes a pressure sand filter
for removing fine solid particles and carbon adsorption to
remove toxic organics. The batch chromium reduction process can
also serve as a phenol waste treatment unit. The chemicals used

24
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Figure 2. Simplified Diagram of Naval Treatment System
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for treatment at Norfolk are typical of conventional treatment
and Navy practice: hypochlorite for cyanide destruction, sulfur
ot dioxide for chromium reduction, and caustic with polymer for
bt metals precipitation.

. . While the IWIPs at Puget Sound NSY and Norfolk are

similar; several distinct differences exist. Puget Sound

uses alum as a coagulant and has ion exchange following the sand

.. . filters. The ion exchange was intended to serve as a final

E} polishing step for metals removal; however, the units have never
been regenerated and are therefore ineffective. Finally, paint
sludges are combined with clarifier underflow and dewatered on
the filter press.

The Alameda NSY varies from the systems previously
discussed in that wastewaters are not segregated prior to
treatment. That facility receives only small, dilute quantities
of cyanide and, therefore, does not provide cyanide destruction.
All wastewaters are treated for chromium reduction,then for
metals precipitation. Alameda does not have a dewatering
device; therefore, a larger volume of sludge is produced then
normally expected.

The NARF at San Diego receives a large volume of oily
wastes and provides for their separate treatment by using oil
skimmers in an equalization tank with dissolved air flotation.
The effluent from the o0il treatment system is combined with
other industrial wastes and treated with the conventional
process. In this system, the cyanide wastes are segregated,
treated, and combined with the remaining waste streams prior to
chromium reduction. Sludge is dewatered, using drying beds
rather than a filter press or other mechanical device. The
climate of the area and the availability of space permit this
practice,

A new and innovative treatment system is being con-
structed at the Charleston NSY (not shown in Figure 2) to serve
the new plating facility that goes on-line later this year.
That system varies from most Naval treatment systems in that it
is dedicated to the plating shop--no other waste streams will be
treated there. Another unique feature of the system is the
method of cadmium treatment. Cadmium plating at the new shop
will be done in an acid solution rather than in the conventional
cyanide bath, hence, no cyanide wastes will be generated at the
shop and cyanide oxidation is not necessary. Cadmium waste will
also be segregated so that the cadmium can be precipitated at
its optimum pH (i.e., where the solubility of cadmium is at a
minimum point). This approach was used because Charleston is
faced with a strict cadmium limit,

The treatment system at the Pensacola NARF also
contains an innovative process--integrated treatment. Inte-~
grated treatment is a method of treating cyanides in the plating
process. The rinse immediately following the cadmium plating
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bath contains a chemical rinse (hypochlorite) to oxidize
the cyanides. The chemical rinse water is then continuously
bled to a cyanide sump, located one floor below, then pumped to
a treatment tank. The treatment rinse water is then normally
recycled to the rinse tank.

s
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Concentrated cyanide solutions are treated on a batch
basis in a separate tank, next to the integrated treatment/
- holding tank. These wastes are spills, drips and spent solu-
tions which are collected and pumped to the batch treatment tank
(3,500 gal). The treated cyanide waste streams and other
wastewaters are discharged from the plating area to the IWTP

(not shown in diagram).
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In general, the Naval treatment systems discussed in
this section can meet the Federal limitations for metals,
however, more stringent local standards may have to be met by
.. Naval dischargers. The USAF, for example, is required to reduce
oI its metals and cyanide concentrations well below the Federal
W standards at McClellan AFB (Reference 6). Under such circum-
stances the Navy's treatment techniques for metals removal may
- not be sufficient.

o Another potential compliance problem will be en-

e countered with the total toxic organics (TTO) parameter.
.o While TTO is usually not a problem from the electroplating
I~ processes, degreasing and paint stripping can significantly
g contribute., As discussed in the regulatory section of this
{ report, an initial TTO limitation (4.57 mg/l1) must be met by all
= Navy facilities by 1984 and a more stringent limitation (2.13)
o by 1986 (direct discharges must meet the more stringent standard
. in 1984)., Of the Navy treatment systems discussed in this
%: section, only the Norfolk NARF has a specific technology for TTO

removal. The other systems can expect some incidental removal
. but no direct and controllable method of TTO removal exists at
. these locations. At Norfolk NARF, as well as other facilities,

j there are not enough data to validate compliance with TTO.
1

% 3. Material Recovery

. Presently only three applications of chemical recovery
o~ (other than precious metal recovery) have been installed or
- are pending installation at Naval plating activities. The three
Y applications include: Li-Con evaporator (NARF Pensacola):
- Innova Chromenapper (Puget Sound NSY); and Eco-Tec ion exchange
Za, {Jacksonville NAS).

L
- The Li-Con unit includes high-vacuum vapor compression
oo and waste heat modules. It was installed on a hard chromium
- line to recover chromic acid and recycle rinsewater. After a
- period of operation it was discovered that an insufficient
3 amount of drag-out is generated by hard chromium plating which
a makes the recovery unit uneconomical. The Li-Con unit was
,$ recently removed from operation, as was the Eco-Tec unit. ‘
o |
Q‘:

.-'

“~

|
» 29 |

. . L e e e ame . e At tar et e v, e e et e e e e et - R N S S L S S L
B T U N X AR S NIRRT RN A d




Y,

TR

RN

&

Y

4

(A AL

¥

i

-
o Ao ud

EAANS

VAR,

- ... -,“. S‘ A

3 A

.
(A W

SO AP IARPS -

KT

The Innova Chromenapper (Reference 5, p. 307) was
recently purchased by Puget Sound NSY. That unit will be
applied to hard chromium rinse waters. No data are yet avail-
able on its operation.

4, Spent Process Solutions

All Navy plating activities, except for those using
only brush plating, generate spent process solutions. Most
spent solutions are alkaline cleaners, acid pickles or strip-
pers. These solutions are dumped regularly, one to four times
per month, depending on use and activity procedures. Plating
solutions are also discarded at most activities, however, much
less often than the cleaners and strippers. Some activities
only discard solutions when they develop a quality problem and
others dump solutions at scheduled intervals.

Three methods are used by Naval plating activities to
dispose of spent solutions. Most activities put these wastes in
drums and have them contractor-hauled for treatment/disposal.
These outside firms usually apply conventional treatment to the
wastes and concentrate the metal pollutants into a sludge. The
cost of using private firms is generally high. A second method
of disposal is to bleed spent solution into the IWTP. This is
practiced, for instance at the Norfolk NARF, where spent solu-
tions are drummed and sent to the IWTP. The third method of
disposal involves onsite treatment at the plating shop. This
practice was only observed at the Pensacola NARF where concen-
trated cyanide wastes are treated in a batch reactor.

5. Sludge Handling

Sludge handling practices at Naval IWIPs vary only
slightly between activities. Most sludges are generated during
chemical precipitation, thickened, dewatered, then contractor-
hauled to a disposal site.

As discussed previously the volume and characteristics
of Naval wastewater vary considerably between activities. One
major factor that effects the volume and characteristics of the
waste stream is whether or not the plating wastes are combined
with other industrial wastes prior to treatment. Most NARFs and
NSYs combine wastewaters from paint stripping, machining, dry
docks and other operations. The dissolved and suspended solids
from these wastewaters will add to the total hazardous sludge
volume, If these wastes had been treated separately, the
resultant sludge might not be nonhazardous and would not require
disposal at an expensive permitted landfill.

The choice of treatment chemicals varies only slightly
between Navy treatment systems,. Most systems use sodium
hydroxide and a polymer for metals precipitation. At least one
treatment system (Norfolk NSY) uses lime. Both lime and sodium
hydroxide (caustic) are considered to be standard practice,
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~although a significant difference exists between the two chemi-
cals in terms of sludge volume produced. As indicated in the
TA, lime can produce several times more sludge than sodium
hydroxide.

Sludge dewatering is important in reducing sludge
volume. When sludge is removed from the treatment process, it
contains 98 percent or more water. For economical disposal, at
least 70 percent of the water should be removed prior to con-
tractor hauling. This would reduce the sludge volume by more
than 90 percent.

Sludge dewatering is used at all major IWTPs except
Alameda NAS. Most IWTPs use filter presses for dewatering,
although two treatment systems have drying beds (NARF San Diego,
NARF Pensacola*).

C. COMMERCIALLY AVAILABLE TECHNOLOGY

Technologies available commercially and those receiving
a substantial R&D effort were described in detail in the TA
manual. That information is summarized here as per the five
ma jor problem areas. Table 7 highlights several important
aspects of each technology including: cost, state-of-the-art
technology, and advantages/disadvantages.

TABLE 7. WORTH ASSESSMENT MODEL DECISION CRITERIA

Evaluation Criteria Relative Value

‘l. Response Time

2. Effect on Metal-Finishing Quality
3. Reliability and Maintainability
4. Manpower Requirement

5. Energy Demand

6. Skill Requirement

7. Facility Space Requirement

8. Investment Cost

9. Operating Cost
10. Material Requirements

[ ] e o ] [ ] L ] [ e o
e ol aE Tl

*NARF Pensacola plans to install a filter press because the
drying beds produce a wet (2% solids) sludge.
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1. Water Reduction

Approximately 90 percent of the water used in a
plating shop is rinse water. Consequently, the most effective
means of reducing water use is to alter rinsing techniques. The
devices and methodologies available for conserving water in a
plating shop are discussed in detail in the TA. These tech-
niques can be categorized as follows:

® Multiple-Rinse Tanks
- parallel
- countercurrent
- recovery rinse

e Flow Control
- flow regulators
- conductivity probes

e Innovative Rinsing
- recycle rinsing
- spray rinses

e Other
- air knives
- air spargers

Most private industry plating shops are making some
use of the available flow reduction measures. The most promi-
nent techniques are countercurrent rinsing, recovery rinses, and
flow regulators. Very few firms make full use of all the
techniques; however, those that do have been very successful
in reducing or eliminating wastewater treatment needs.

2. Chemical Recovery

Due to the high cost of raw materials and pollution
control, plating processes are being equipped with recovery
systems to reclaim the chemical content in the rinse water and
recycle a concentration of these chemicals to the plating bath.
Frequently, the water is also purified and can be reused for

rinsing.
;f A number of technololgies have been used for the
o~ chemical recovery; the one best suited for an application
A depends on the type of plating solution being recovered. Figure
g 3 summarizes the commercially available recovery techniques and
= the types of bath they have been applied to.
Eﬂ Justification for the investment in recovery systems,
s which have minimum installed costs of $30,000, is based on the
¢£ savings in replacement chemicals, waste treatment cost and waste
- disposal.
e
-
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3Indicates applications that have been commercially demonstrated or proven
successful on full-scale pilot system.

Low drag-out rate has limited applications of recovery technologies.

Figure 3. Summary of Recovery Technology Applicationsa

3. End-of-Pipe Treatment

The current state of the art in electroplating waste-
water treatment includes:

® Chromium reduction
® Cyanide oxidation
® Neutralization/metal precipitation

® Solids separation

® Sludge dewatering

.............
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The most efficient approach is to segregate wastes containing
chromium or cyanide and pretreat these wastes before mixing with
the balance of the wastewater in a common neutralization/metal
precipitation system,

Cyanide oxidation to cyanates and then to CO, and N
is usually accomplished in a two-stage stirred-tank reactor wit
a suitable oxidizing agent, such as chlorine gas, sodium hypo-
chlorite or ozone. Other approaches have used a packed tower to
achieve the liquid/gas contact with gaseous reagents. Chromate
reduction is normally accomplished in a single stirred-tank
reactor with sulfur dioxide or sodium metabisulfite. Other
approaches have utilized ferrous ions either from a ferrous salt
or formed by consumable iron electrodes.

Metal removal from the combined stream is most often
accomplished by precipitation as metal hydroxides. By adding an
acid or base, the pH is adjusted to the point where the metals
exhibit minimum solubility. Other metal precipitation processes
use a sulfide compound to precipitate the metal as a metal
sulfide. Following precipitation, the precipitants are usually
flocculated by addition of a suitable organic polyelectrolyte.
The large-particle floc is then separated from the wastewater
prior to discharge either by clarification or filtration. The

solids are normally dewatered and disposed of in a permitted
landfill.

4, Spent-Process Solutions

In most industrial plating operations the only process
solutions dumped regularly are spent cleaning and stripping
solutions. Typically, these solutions are discarded by metering
them to the treatment system. When they are diluted with rinse
water, their impact on the treatment process is minimized. Only

a small percentage of private industry shops contractor-hauls
their spent solutions.,

Some solutions, including many strippers, contain high
concentrations of cyanide--up to 8 oz/gal. In such cases, con-
ventional treatment of the solution is not economical.* An
effeccive method of reducing treatment costs and further reduc-
ing the impact on end-of-pipe (EOP) treatment is to destroy the
cyanide on a batch basis before metering the waste to the sewer.
This is currently being accomplished by at least one plating
shop, using thermal destruction.

*1000 gal of stripper solution containing 8 oz/gal CN would

consume 3,750 lbs of chemicals during treatment, resulting in a
cost of $1,500.
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Batch dumping of plating solution is very rare in the
private sector, except in printed circuit shops (spent copper
plating solutions are returned to the manufacturer where the
chemicals are recycled). Instead, two methods of bath purifica-
tion are widely applied: preventive and curative. The follow-
ing is a list of commonly used methods:

® Preventive
- filtration
- ion transfer membranes
- ion exchange
- proper scheduling of work

® Curative
- filtration
- chemical treatment
~ electrolytic treatment ("dummying"”)
- carbon treatment

To minimize discarding plating baths, private industry
platers install the preventive technologies and perform
frequent monitoring of bath parameters. In most plating shops,
except for very small ones, laboratory equipment is used to test
plating solutions. The most widely used test is performed with
the Hull cell,.

To supplement the monitoring capabilities of in-house
chemists or technicians, private plating firms rely on their
chemical supply companies for technical advice. Often, these
technical representatives can provide the necessary trouble-
shooting required to avoid a batch dump. Such representatives
are backed by experienced laboratory personnel and knowledgeable
chemists.

5. Sludge Handling

Practices in private industry are essentially the same
as the Navy. Sludges produced by treatment are dewatered,
stored and contractor-hauled to secure disposal sites.

Some processes commercially available for detoxifica-
tion of sludges are basically, solidification processes which
stabilize the waste and prevent leaching of toxic metals. By
using such a process, a sludge generator can delist his waste
and dispose of the material in a common landfill. (Actually,
disposal requirements for delisted wastes vary between states.)
A number of commer&ial detox%ﬁication processes exist (e.g.,
Soliroc®, sealosafe®, Chemfix® ), These companies supply the
fixation materials and/or perform the process. Also, non-
commercial processes using Portland cement, fly ash and similar
materials have been employed by sludge generators.
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The present use of detoxifying processes in the
private sector is very small. The reason this technology is
unexploited is that the RCRA hazardous waste regulations have
only recently gone into effect. Also, only a fraction of the
plating industry currently has installed waste treatment and is
generating sludge. As the need progresses, the use of detoxifi-
cation/solidification technologies will increase.

D. TECHNOLOGY APPLICATION ASSESSMENT

To help evaluate available technologies, an application

o assessment model has been prepared which scores and ranks
N technologies based on a common set of decision criteria. The
s technologies with the highest scores are most applicable to Navy
{f: activities.
NEN
, In developing the model, 10 decision criteria were defined
o and each was given a value based on its relative importance in
agi the decision process. The criteria values were selected such
*ib that the total of all values equals one. For each criterion
~T4 several measures were then defined which describe how well a
N technology satisfies the criterion. Each factor was then given
" a value. For example, one criterion selected was the response
N time of the technology in meeting compliance dates. That
P criterion was given a value of 0.1, i.e., 10 percent of the
[Ty decision is based on the ability of the technology to meet
:Q the regulations in a timely manner. Two measures were selected

and given values to determine how well the technology meets the

criteria: adequate response time (1.0) and inadequate response
J':‘. time (ooo)o

To determine the worth assessment score for each technol-
o ogy, the appropriate measure is selected for each criterion.
- Then, the value of the measure is multiplied by the value of the

) criterion and summed over all criteria. The decision model is
A% further described in Figure 4.

N

N
\oA N

ﬁf The criteria selected for the modeling exercise are pre-
e sented in Table 7 along with the criteria values. Criteria 1
LI

through 5 are considered as constraints in the decision process.
Failure (a score of 0) in one or more of these criteria makes

N the technology unacceptable. The level of unacceptability of a

i particular technology is equal to the number of failures. 1In

e the decision model, failure in any of criteria 1 through 5 gives
> an overall score of 0.0 regardless of the scoring for other

3!5 criteria.

L Failure in criteria 1-5 may be overcome through R&D. For

R instance, if a technology response time is inadequate to meet

X regulatory deadlines, then Navy R&D can be applied to speed up

:}; the technology development. Similarly, manpower requirements

N may be increased by the use of a particular technology. How-

T ever, Navy R&D may be able to automate the technology to the
*}
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point where manpower requirements are the same or less than the
use of conventional technologies. For this reason, the technol-
ogy assessment scores were determined for two cases for each
technology. In the first case, the score is determined using
the original scoring rules. 1In the second case, potential R&D
improvements are considered. If R&D can eliminate a failure the
score is adjusted accordingly. This procedure aids in identify-
ing which technologies will best benefit from R&D. The re-
sults of the second exercise are presented and discussed in
Section 1V,

The results of the technology assessment process are pre-
sented in Table 8, where the technologies have been divided
into six categories: (1) in-plant changes, (2) recovery tech-
nologies, (3) cyanide destruction, (4) chromium reduction, (5)
metals removal, and (6) hazardous sludge reduction. The rela-
tionship between the five problem areas is discussed at the
beginning of Section II, and the technologies selected for the
worth assessment exercise are described in Figure 5. Additional
details of the worth assessment process are presented in the
appendix.

1. Technology Assessment Scoring

Most in-plant changes scored fairly high in the
application assessment model, indicating their appropriateness
for Navy plating activities. Each should be considered on a
case-by-case basis. Often two or more of the in-plant changes
can be combined, such as countercurrent rinsing with air agita-
tion and flow regulations, to provide increased water savings.
Three in-plant changes received scores of .00 because they
cannot be applied in their current state of development to Navy
plating activities. As discussed in Section IV, RDT&E could
adequately speed up the response time of these technologies.

The recovery technologies all received scores of .00.
Failures of these technologies occurred in Criterion 3 (Relia-
bility and Maintainability), Criterion 4 (Manpower Requirement)
and Criterion 5 (Energy Demand). (See the Appendix to find the
specific failure(s) for each technology.) In addition to these
failures, recovery generally did not score well because these
technologies have high investment costs and provide only a
minimal impact on operating costs (therefore a low ROI). In the
private sector where these technologies are successfully
applied, drag-out rates are much higher and the impact on
operating costs is therefore much greater (therefore providing a
high ROI).

For chromium reduction, cyanide oxidation and metals
removal the conventional technologies received the highest
scores., Therefore, under most circumstances the Navy should
apply the conventional technologies., If, however, standards
become more stringent, the conventional techniques may not be
adequate and other technologies should be considered on a
case-by-case basis.




TABLE 8. APPLICATION ASSESSMENT SCORES OF TECHNOLOGIES
AVAILABLE FOR NAVY ELECTROPLATING POLLUTION CONTROL
Application Level of
Technology Category/Technology Assessment Scores® Unacceptability
In-Plant Changes:
Reusing Rinse Water .69 0
Flow Regulators .67 0
Air Agitation .65 0
Spray Rinses .65 0
Countercurrent Rinsing .63 0
Recovery Rinsing b .60 0
Innovative Hard Chrome Plating .00 1
Plating Bath Purifigation .00 1
Timer Rinse Control .00 1
. Conductivity Cells .00 1
Air Knives .00 1
Recovery Technologies
Ion Transfer .0 1
Reverse Osmosis .0 2
Ion Exchange »0 2
Electrodialysis .0 2
Electrolytic .0 2
Evaporation .0 3
Coupled Transport Membranes .0 3
Donnan Dialysis .0 3
Chromium Reduction:
Sulfur Compound Reduction .65 0
Integrated Treatment .48 0
Sacrificial Iron Anodes .00 1
Ferrous Sulfate .00 1
Sodium Borohydride .00 2
Material Recovery .00 2
Cyanide Oxidation:
Alkali Chlorination .65 0
Integrated Treatment .61 0
Electrolyticc .56 0
Thermal Oxidation® .00 1
Ozone .00 1
Material Recovery .00 2
3pased on top score of 1.0. See appendix for scoring criteria.
bNot in TA, see description in appendix.
cOnly applicable to batch treatment of concentrated solutions,
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TABLE 8. APPLICATION ASSESSMENT SCORES OF TECHNOLOGIES
AVAILABLE FOR NAVY ELECTROPLATING POLLUTION

CONTROL (CONCLUDED)

Application Level of
Technology Category/Technology Assessment Scores® Unacceptabili
Metals Removal:
Hydroxide Precipitation .65 0
Sulfide Precipitation .58 0
Ultrafiltration .00 1
Electrolytic .00 2
Ozone .00 1
Sodium Borohydride .00 2
Insoluble Starch Xanthate .00 2
Freeze Crystallization .00 3
Hazardous Sludge Reduction:
Sludge Washing .00 1
Solidification .00 2
Sludge Aging .00 2
Sodium Borohydride Precipitation .00 2
Heat Treatment .00 4




had - e A T T A AP S T P R e T T R -
L2 T HOMED SUA TR B o A 3L A 0 R o Arach An i b ta &8 1) A PA P Rl i AGEGLOLLE L L A e T

a0 ]

. -7
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Timer Rinse Control X
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Integrated Treatment X
Sulfur Compound Reduction
Sacrificial Iron Anodes
Ferrous Sulfate
Sodium Borohydride
Cyanide Oxidation:
Electrolytic X
Integrated Treatment X
Alkali Chlorination '
Ozone
Thermal Oxidation X
Metals Removal:
Hydroxide Precipitation
Sodium Borohydride
d Ozone
Ulrrafiltration
Insoluble Starch Xanthate
Sulfide Precipitation
Electrolytic
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Hazardous Sludge Reduction:
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.
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Figure 5, Relationship Between Technical Problem
Areas and Selected Technologies
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Integrated treatment, now in at the Pensacola NARF,
scored second for chromium reduction and cyanide oxidation.
Sulfide precipitation, a technology applied by the Army, scored
second under metals removal.

Each of the hazardous sludge reduction technologies
received a score of .00. Failures of these technologies were in
Criterion 1 (Response Time), Criterion 3 ( Reliability and
Maintainability), Criterion 4 (Manpower) and Criterion 5 (Energy
Demand). As discussed in Section IV, failures in Criteria 1, 3
and 4 can generally be overcome with RDT&E.
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SECTION III

TECHNOLOGICAL PROJECTIONS

A, PREVIOUS RESEARCH AND DEVELOPMENT

EPA and the private sector took the lead on electroplating
pollution control R&D in the early seventies (Table 9). At that
time conventional physical/chemical treatment was already estab-
lished as the accepted method of wastewater pollutant removal.
However, the only treatment systems installed were at locations
that directly discharged to waterways.

The impetus for the initial R&D was threefold. First, EPA
had cited the electroplating industry as a major contributor of
toxic metals and cyanide to the environment. The EPA R&D branch
in Cincinnati (Industrial Environmental Research Laboratory),
and,to a limited extent, its predecessor in Edison, NJ were
charged with developing improved methods of control and treat-
ment of wastewater pollutants for future use in establishing
sound regulations and enforcement actions. Their interest was
in both end-of-pipe (EOP) treatment and chemical recovery.
EPA's ultimate goal, as shown in the Clean Water Act, was to
completely eliminate pollutant discharges.

A second force behind early R&D efforts was the potential
marketplace. Many pollution equipment firms were working to
improve the conventional physical/chemical process and find new
methods of end-of-pipe treatment. However, the greatest effort
by private industry was placed on control technology through
recovery of plating chemicals and recycling of process waste-
water., A variety of electroplating chemical recovery devices
and processes were developed in the seventies, including:
evaporation, ion exchange, electrochemical technology, reverse
osmosis and electrodialysis. Another focus of private industry,
spurred by environmental concerns and rising treatment costs,
was the development of low-polluting plating solutions, such as
noncyanide zinc plating (ZnCl) and alternatives to cadmium
cyanide plating chemicals.

A third force behind early R&D was the rising costs of
water, chemicals and energy. Individual plating facilities
adopted conservation measures previously considered uneconomi-
cal. Methods and devices, such as countercurrent rinsing,
recovery rinsing, flow regulators, and spray rinses, were
finding their way into the plating shops. New methods of
conservation, such as conductivity probes, were developed to
supplement the existing conservation measures. The evolution of
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conservation measures has, however, been less formal than EOP
and recovery technologies. The major reason for this laqg is
that conservation reduces EOP and recovery needs and, therefore,
reduces equipment purchases. These conservation measures are
more procedural than equipment-oriented in nature; therefore,
there is no product sales incentive. Another key reason for the
lag is that many platers felt that these measures were. not part
of their production processes, and basically ignored implementa-
tion for fear of upsetting production. :

During the 1980s research and development efforts in
plating pollution control have subsided substantially. Several
factors have caused the R&D slump. First, the major push in the
seventies resulted in a large number of commercially available
technologies, reducing the potential market share and making it
less attractive for new ideas. Second, since 1977 when the
Federal electroplating pollution control standards were first
proposed, EPA changed the compliance dates and limitations four
times. This indecision by EPA has delayed sales in pollution
control equipment, causing many of the early firms to abandon
their efforts. Third, the EPA has curtailed their internal R&D
work previously performed at EPA-IERL, Cincinnati.

The EPA R&D slump in the eighties has been cushioned
somewhat by the R&D efforts of the military. Both the Army and
the Air Force have taken active roles in this area. The Army
started with a joint EPA project to investigate the applica-
bility of sulfide precipitation as an alternative to hydroxide
precipitation. That effort resulted in the construction of a
full-scale system at Tobyhanna, PA, The Air Force has funded
several projects aimed at alternatives to sulphur-compound
chromium reduction and hydroxide precipitation, as well as work
with bath purification and sludge volume reduction.

Over the course of the past 12 years, the R&D emphasis has
shifted from EOP treatment and chemical recovery to hazardous
waste. This change is primarily the result of the implementa-
tion of RCRA hazardous waste regulations. A major target in
recent years has been wastewater treatment sludge. Early R&D
efforts (1978) were jointly conducted by EPA and the American
Electroplaters' Society. More recently, the Air Force and Army
have taken the lead in finding methods of reducing sludge
volumes and rendering the wastes nonhazardous.

B. FUTURE RESEARCH AND DEVELOPMENT

The current mission of EPA is rather clear. No major
emphasis will be placed in the near future on electroplating
wastewater treatment and control. The final effluent regula-
tions are based on conventional physical/chemical treatment.
Therefore, their present position is that no new EOP technolo-
gies are needed. However, some additional activity can be
expected from EPA on hazardous waste treatment and disposal.
For instance, EPA is continuing to fund R&D on the recovery of
metals from electroplating treatment sludges.
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The USAF is continuing to take an active role in electro-
plating pollution control R&D (Table 9). They have funded a
project to investigate methods of rejuvenating exhausted plating
solutions using selective ion exchange. This work may help to
minimize batch dumps of plating solutions,. The effort is
focusing on the common plating solutions, including chromium,
nickel, electroless nickel, cadmium and copper. The USAF is
also planning to demonstrate methods of improved EOP treatment
and continue research on reducing hazardous sludge disposal
costs. These demonstrations, scheduled for FY 84-85, will
include the construction of a portable pilot system. The sludge
work is focusing on methods of reducing the volume of sludge
requiring disposal and minimizing its hazardous characteristics.
Several techniques have shown promise during the initial work.

As discussed previously, the private sector has reduced R&D
efforts. It appears that, for the immediate future, this trend
will continue. If EPA decides to increase the stringency of the
electroplating standards, a renewed emphasis on R&D may develop.
However, this is very doubtful.
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R SECTION IV

508

R ' RECOMMENDATIONS AND ALTERNATIVES
N

'

A, GENERAL

S The purpose of this section is to outline the potential
q} courses of action for solving the pollution control problems
Fots associated with Navy electroplating activities. As a basis for
' discussing the alternatives, the pollution problems/needs have
- been categorized and summarized as follows:
ﬂ.
;I:'; 1. Methods To Reduce Water Use
Y
ag Water use at Naval electroplating activities was esti-
¥ mated at 3.6 million gallons per day. In terms of water costs
and municipal sewer charges, this amounts to approximately $3.2
ﬁ: million per year. The industrial wastewater treatment costs
< (capital and operating) add significantly to this figure.
B Additionally, high water usage dilutes pollutants and hinders
j& removal mechanisms.
. 2, Technologies To Meet Federal Guidelines for Metals and
NN Cyanide
el
o To meet the 1984 and 1986 EPA effluent limitations,
2N Navy electroplating activities must use technologies for the
A removal of cyanide and metals. The EPA regulations are based on
g the use of conventional chemical treatment. Some innovative
L alternatives exist which could offer a cost savings in terms of
55 reduced chemical consumption and/or reduced sludge generation.
:~.‘l
e 3. Methods /Technologies To Reduce Frequency/Impact of
K Batch Dumps
oo Currently, the Navy discards spent process solutions
o such as cleaners, strippers and plating baths. At most facili-
e ties these solutions are contract-hauled to treatment/disposal
{g sites. The cost of treatment/disposal ranges from $0.25/gal to
Lo $3.00/gal. The Navy-wide cost to dispose of these wastes is
uncertain but could approach $1.3 million* annually. Treatment
.?f of these wastes at IWIPs is not always possible since concen-
.t: trated wastes can upset the treatment process.
W
Y
- *Based on 28 major facilities (Table 3) with an average discharge
o of 30,000 gpy of concentrated solution and a transportation/
?{ treatment cost of $1.50/gal.
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Cleaners and strippers have limited life spans and are
therefore commonly discarded. However, plating solutio